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ANTIFUSE STRUCTURE AND METHOD OF USE 

Fifflfi of T^*^ Tnvftntinn 
The present invention relates generally to integrated circuits, and more 
5 particularly, to an antifuse for integrated circuits. 

Rar.k ground 

Integrated circuits are interconnected networks of electrical components 
fabricated on a common foundation called a substrate. The electrical components are 
1 0 typically fabricated on a wafer of semiconductor material that serves as a substrate. 

Various fabrication techniques, such as layering, doping, masking, and etching, are used 
to build millions of resistors, transistors, and other electrical components on the wafer. 
The components are then wired together, or interconnected, to define a specific electrical 
circuit, such as a processor or a memory device. 
1 5 Fusible elements are employed in integrated circuits to permit changes in the 

configuration of the integrated circuits after fabrication. For example, fusible elements 
may be used to replace defective circuits with redundant circuits. Memory devices are 
typically fabricated with redundant memory cells. The redundant memory cells may be 
enabled with fusible elements after fabrication to replace defective memory cells found 
20 during a test of fabricated memory devices. 

One type of fiisible element is a polysilicon fiise. The polysilicon fiise comprises 
a polysilicon conductor fabricated to conduct electrical current on an integrated circuit. A 
portion of the polysilicon fiise may be evaporated or opened by a laser beam to create an 
open circuit between terminals of the polysiUcon fiise. The laser beam may be used to 
25 open selected polysilicon fiises in an integrated circuit to change its configuration. The 
use of polysilicon fiises is attended by several disadvantages. Polysilicon fiises must be 
spaced apart from each other in an integrated circuit such that when one of them is being 
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opened by a laser beam the other polysilicon Mses are not damaged. A bank of 
polysilicon fuses therefore occupies a substantial area of an integrated circuit. In 
addition, polysilicon fuses cannot be opened once an integrated circuit is placed m an 
integrated circuit package, or is encapsulated in any manner. 

Another type of fusible element is an antifuse. An antifUse comprises two 
conductive terminals separated by an insulator or a dielectric, and is fabricated as an open 
circuit The antifUse is programmed by applying a high voltage across its terminals to 
rupture the insulator and fom, an electrical path between the terminals. One common 
type of antifuse is an oxide-nitride-oxide (ONO) antifuse. An ONO antifuse compnses a 
layer of nitride sandwiched between two layers of oxide, where each layer ofox.de .s m 
contact with a polysilicon terminal. The ONO sandwich is a dielectric and dte ONO 
M antifuse flmctions as a capacitor before it is programmed. One disadvantage wtth ONO 

i"; that thev axe fabricated with separate, extra steps when an integrated cncutt ,s 
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antifuses is that they are 
fabricated. 

Accordingly, there exists a need for improved fusible elements for use m 
integrated circuits. 



20 



% <^iimm'"T "f the Invention 

H The above mentioned and other deficiencies are addressed in the foUowng 

detailed description. According to one embodiment of the present invention a first 
programming voltage is coupled to a well of a first conductivity type in a substrate of a 
se«nd conductivity type in an anUfuse. A second programming voltage is coupled to a 
conductive temtinal of the second conductivity type in the antifuse to cr^te a curreM 
path through an insuUtor between the conductive terminal and the well to program the 
antifi.se. The first programming voltage may be coupled to an ohmic contact m the well 
in the antifuse. According to another embodiment of the present invention a very htgh 
positive voltage is coupled to ^ n.-type diffcion region in an n-type well in a p-.ype 
substrate in an anti&se from an external pin in an integrated circuit including the anhfuse. 
A ground voltage reference is coupled to a layer of p-type polysilicon in the antrfuse to 
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create a current path through an insulating layer of oxide between the layer of p-type 
polysilicon and the n-type well to program the antifuse. According to another 
embodiment of the present invention a very negative voltage is coupled to a p+-type 
diffusion region in an p-type well in an n-type substrate in an antifuse from an external 

5 pin in an integrated circuit including the antifiise. A supply voUage is coupled to a layer 
of n-type polysilicon in the antifuse to create a current path through an insulating layer of 
oxide between the layer of n-type polysilicon and the p-type well to program the antifuse. 

Antifuses according to embodiments of the present invention may be fabricated 
according to process steps used to fabricate field-effect transistors in an integrated circuit, 

10 and do not require extra process steps. In addition, the use of an external pin to couple an 
elevated voltage to the antifuses for programming substantially protects other portions of 
an integrated circuit from damage that may be caused by the elevated voltage. Other 
advantages of the present invention will be apparent to one skilled in the art upon an 
examination of the detailed description. 

15 

pripfriftsr-ription n^^^*^ Drawinps 
Figure 1 is a cross-sectional view of an antifuse according to an embodiment of 

the present invention. 

Figure 2 is a cross-sectional view of an antifuse according to an embodiment of 

20 the present invention. 

Figure 3 A is a cross-sectional view of an antifuse according to an embodiment of 

the present invention. 

Figure 3B is a cross-sectional view of an antifuse according to an embodiment of 

the present invention. 

25 Figure 4A is a cross-sectional view of an antifuse according to an embodiment of 

the present invention. 

Figure 4B is a cross-sectional view of an antifuse according to an embodiment of 

the present invention. 
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Figure 5 is an electrical schematic diagram of a portion of an integrated circuit 
according to an embodiment of the present invention. 

Figure 6 is an electrical schematic diagram of an antifuse bank according to an 
embodiment of the present invention. 
5 Figxires 7A-7C are electrical schematic diagrams of bias circuits according to 

embodiments of the present invention. 

Figure 8 is a block diagram of a static random access memory device according to 
an embodiment of the present invention. 

Figure 9 is an electrical schematic diagram of a read circuit according to an 
1 0 embodiment of the present invention. 

Figure 10 is an electrical schematic diagram of a read circuit according to an 
embodiment of the present invention. 

Figure 11 is an electrical schematic diagram of an integrated circuit package 
according to an embodiment of the present invention. 
15 Figure 12 is a block diagram of an information-handling system according to an 

embodiment of the present invention. 

Detailed Description 
In the following detailed description of exemplary embodiments of the present 
20 invention, reference is made to the accompanying drawings which form a part hereof, and 
in which are shown by way of illustration specific exemplary embodiments in which the 
present invention may be practiced. These embodiments are described in sufficient detail 
to enable those skilled in the art to practice the present invention, and it is to be 
understood that other embodiments may be utilized and that logical, mechanical, 
25 electrical and other changes may be made without departing from the spirit or scope of 
the present invention. The following detailed description is, therefore, not to be taken in 
a limiting sense, and the scope of the present invention is defined only by the claims. 

The terms wafer and substrate may be used in the following description and 
include any structure having an exposed surface with which to form an integrated circuit 
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(IC) according to embodiments of the present invention. The term substrate is 
understood to include semiconductor wafers. The term substrate is also used to refer to 
semiconductor structures during fabrication, and may include other layers that have been 
fabricated thereupon. The term substrate includes doped and undoped semiconductors, 
5 epitaxial semiconductor layers supported by a base semiconductor, semiconductor layers 
supported by a base insulator, as v^ell as other semiconductor structures well known to 
one skilled in the art. The term insulator is defined to include any material that is less 
electrically conductive than materials generally referred to as conductors by those skilled 
in the art. 

10 The term "horizontal" as used in this application is defined as a plane 

substantially parallel to the conventional plane or surface of a wafer or substrate, 
regardless of the orientation of the wafer or substrate. The term "vertical" refers to a 
direction substantially perpendicular to the horizonal as defined above. Prepositions, 
such as "on,""upper," "side" (as in "sidewall"), "higher," "lower," "over" and "under" are 

1 5 defined with respect to the conventional plane or surface being on the top surface of the 
wafer or substrate, regardless of the orientation of the wafer or substrate. 

P-type conductivity is conductivity associated with holes in a semiconductor 
material, and n-type conductivity is conductivity associated with electrons in a 
semiconductor material. Throughout this specification the designation "n+" refers to 

20 semiconductor material that is heavily doped n-type semiconductor material, e.g., 

monocrystalline silicon or polycrystalline silicon. Similarly, the designation "pH-" refers 
to semiconductor material that is heavily doped p-type semiconductor material. The 
designations "n-" and "p-" refer to lightly doped n and p-type semiconductor materials, 
respectively. 

25 A digital signal of 1 may also be called a high signal and a digital signal of 0 may 

also be called a low signal 

A cross-sectional view of an antifuse 100 according to an embodiment of the 
present invention is shown in Figure 1 . An n-type well 1 10 is formed in a p-type 
substrate 112, and an n-i--type source diffusion region 1 14 and an n+-type drain diffusion 
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region 1 16 are formed in the well 110. Each of the n+-type diffusion regions 1 14 and 1 16 



formed over a layer of gate insulator 122 which is formed over the well 1 10 between the 
source diffusion region 1 14 and the drain diffusion region 116. The gate electrode 120 
5 may also be formed by layers of p-type polysilicon and a silicide such as tungsten 

sihcide (WSiJ, titanium silicide (TiSi2), or cobalt silicide (CoSij). The gate insulator 122 
may be silicon dioxide, Si02, also called oxide, oxynitride, or nitrided oxide. The p-type 
polysihcon gate electrode 120 is connected to a first terminal 124 of the antifuse 100, and 
a second terminal 126 is connected to each of the n+-type diffusion regions 114 and 116. 

10 Two separate circuits in an integrated circuit may be connected respectively to the 

first and second terminals 124, 126 of the antifuse 100. The antifuse 100 is an open 
circuit between the terminals until it is programmed in the following manner. The p-type 
substrate 112, the first terminal 124, and the p-type polysilicon gate electrode 120 are 
coupled to a ground voltage reference. The second terminal 126 brings the well 1 10 to a 

15 very high positive voltage such that a potential drop between the well 110 and the p-type 
polysilicon gate electrode 120 is enough to rupture the gate insulator 122. When 
programmed the antifuse 100 has a conductive connection between the first and second 
terminals 124, 126 which may be biased appropriately such that the p-n junction between 
the p-type polysilicon gate electrode 120 and the well 110 allows current to flow. 

20 The antifuse 100 may be fabricated according to process steps used to fabricate 

field-effect transistors, but the antifuse 100 does not itself have the structure of a 
transistor. The wel l 1 10 and the n+ -type diffusion regions 1 14 and 116 have the same 
condu£tiyityjy pe, and therefore the antifuse 100 cannot function as a transisto r. This is 
important because a n ordinary fi eld effect transis tor with a well of a first co nductivity 

25 type in a substrate of a second conductivity type and sourcg.and. drain diffusion regions of 



tji esecond conductivit v ty pe has a breakdow n^ volta ge due to the parasitic diode formed 
by the source or the drain and the well. The breakdown voltage acts as a voltage clamp 
preventing the well from reaching a potential necessary to rupture a gate insulator. The 
antifuses described herein according to the embodiments of the present invention each 



pft)vide an ohmic contact for the well 1 10. A p-type polysilicon gate electrode 120 is 
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have diffusion regions in a well of the same conductivity type as the well, and therefore 
no parasitic diode. As a result the well may be taken to a potential high enough to rupture 
,.,_agate insulator. 

A cross-sectional view of an antifuse 200 according to another embodiment of the 
5 present invention is shown in Figure 2. A p-type well 2 1 0 is formed in an n-type 

substrate 212, and a p+-type source diffusion region 214 and a p+-type drain diffusion 
region 216 are formed in the well 210. Each of the p+-type diffusion regions 214 and 216 
provide an ohmic contact for the well 210. An n-type polysilicon gate electrode 220 is 
formed over a layer of gate insulator 222 which is formed over the well 210 between the 
1 0 source diffusion region 2 1 4 and the drain diffusion region 216. The gate electrode 220 
may also be formed by layers of n-type polysilicon and a silicide such as tungsten 
j=* silicide (WSiJ, titanium silicide (TiSiz), or cobalt silicide (CoSiz). The gate insulator 222 

may be oxide, oxynitride, or nitrided oxide. The n-type polysilicon gate electrode 220 is 
connected to a first terminal 224 of the antifuse 200, and a second terminal 226 is 
1 5 connected to each of the p+-type diffusion regions 2 1 4 and 2 1 6. 

The antifuse 200 is an open circuit between the first and second terminals 224, 
226 until it is programmed in the following maimer. The n-type substrate 212, the first 
terminal 224, and the n-type polysilicon gate electrode 220 are coupled to a supply 
voltage VCC which is approximately 1-5 volts. The second terminal 226 brings the well 
20 210 to a very negative voltage such that a potential drop between the well 210 and the n- 
type polysilicon gate electrode 220 is enough to rupture the gate insulator 222. When 
programmed the antifuse 200 has a conductive connection between the first and second 
terminals 224, 226 which may be biased appropriately such that the p-n junction between 
the n-type polysilicon gate electrode 220 and the well 210 allows current to flow. 
25 A cross-sectional view of an antifuse 300 according to an embodiment of the 

present invention is shown in Figure 3A. The antifuse 300 is formed as a silicon-on- 
insulator (SOI) device. A SOI insulator 310 is fomied on a silicon substrate 312, and a 
layer of n-type silicon is formed on the SOI insulator 3 10. A shallow trench isolation 
insulator 314 is formed in the layer of n-type silicon to isolate an n-type body 316. An 
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n+-type source diffusion region 318 and an n+-type drain diffusion region 320 are formed 
in the n-type body 316. Each of the n+-type diffusion regions 318 and 320 provide an 
ohmic contact for the n-type body 316. A p+-type polysihcon gate electrode 322 is 
formed over a layer of gate insulator 324 w^hich is formed over the n-type body 316 
5 between the source diffusion region 3 1 8 and the drain diffusion region 320. The gate 
electrode 322 may also be formed by layers of p+-type polysilicon and a silicide such as 
tungsten silicide (WSi,,), titanium silicide (TiSij), or cobalt silicide (CoSij). The SOI 
insulator 310, the isolation insulator 314, and the gate insulator 324 may be silicon 
dioxide, Si02, also called oxide, oxynitride, or nitrided oxide. The p+-type polysihcon 

10 gate electrode 322 is connected to a first terminal 326 of the antifuse 300, and a second 
terminal 328 is connected to each of the n+-type diffusion regions 318 and 320. 

The antifuse 300 is an open circuit betv^een the terminals 326, 328 xmtil it is 
programmed by applying a potential drop across the terminals 326, 328 sufficient to 
rupture the gate insulator 324. The n-type body 316 is electrically isolated by oxide, and 

15 therefore will not break down when the antifuse 300 is being programmed. The potential 
drop across the terminals 326, 328 may be achieved by applying any combination of 
voltages to the terminals 326, 328. For example, the first terminal 326 may be coupled to 
a ground voltage reference while a very high positive voltage is applied to the second 
terminal 328. The antifiise 300 may also be programmed by coupling the second terminal 

20 328 to a ground voltage reference and applying a very high positive voltage to the first 
terminal 326. When programmed the antifuse 300 has a conductive connection between 
the first and second terminals 326, 328 which may be biased appropriately such that the 
p-n junction between the terminals allows current to flow. 

A cross-sectional view of an antifuse 350 according to an embodiment of the 

25 present invention is shown in Figure 3B. The antifuse 350 is formed as a silicon-on- 
insulator (SOI) device. A SOI insulator 360 is formed on a silicon substrate 362, and a 
layer of p-type silicon is formed on the SOI insulator 360. A shallow trench isolation 
insulator 364 is formed in the layer of p-type siHcon to isolate a p-type body 366. A p+- 
type source diffusion region 368 and a p+-type drain diffusion region 370 are formed in 
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the p-type body 366. Each of the p+-type diffusion regions 368, 370 provide an ohmic 
contact for the p-type body 366. An n+-type polysiHcon gate electrode 372 is formed 
over a layer of gate insulator 374 which is formed over the p-type body 366 betv^een the 
source diffusion region 368 and the drain diffusion region 370. The gate electrode 372 
5 may also be formed by layers of n+-type polysilicon and a silicide such as tungsten 
silicide (WSiJ, titanium siUcide (TiSij), or cobaU siUcide (CoSij). The SOI insulator 
360, the isolation insulator 364, and the gate insulator 374 may be silicon dioxide, SiOj, 
also called oxide, oxynitride, or nitrided oxide. The n+-type polysilicon gate electrode 
372 is connected to a first terminal 376 of the antifuse 350, and a second terminal 378 is 
1 0 connected to each of the p+-type diffusion regions 368, 370. The antifuse 350 may be 
& programmed in a manner similar to the programming of the antifuse 300, and is operated 

In 

in a similar manner. 

T ; A cross-sectional view of an antifuse 400 according to an embodiment of the 

"a 

in present invention is shown in Figure 4A. The antifuse 400 is formed as a silicon-on- 

p 

1 5 insulator (SOI) device. A SOI insulator 410 is formed on a siUcon substrate 412, and a 

P layer of n-type siUcon is formed on the SOI insulator 410. A shallow trench isolation 

£3 insulator 414 is formed in the layer of n-type silicon to isolate an n-type body 416. An 



^'1 



n+-type source diffusion region 418 and an n+-type drain diffusion region 420 are formed 
in the n-type body 416. Each of the n+-type diffusion regions 418 and 420 provide an 
20 ohmic contact for the n-type body 41 6. An n+-type polysilicon gate electrode 422 is 
foraied over a layer of gate insulator 424 which is formed over the n-type body 416 
between the source diffusion region 418 and the drain diffusion region 420. The gate 
electrode 422 may also be formed by layers of n+-type polysilicon and a siUcide such as 
tungsten sihcide (WSiJ, titanium siUcide (TiSiz), or cobalt siUcide (CoSiz). The SOI 
25 insulator 410, the isolation insulator 414, and the gate insulator 424 may be siUcon 
dioxide, SiOj, also called oxide, oxynitride, or nitrided oxide. The n+-type polysilicon 
gate electrode 422 is connected to a first terminal 426 of the antifuse 400, and a second 
terminal 428 is connected to each of the n+-type diffusion regions 418 and 420. The 
antifuse 400 may be progranmied in a manner similar to the programming of the antifuse 
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300, and is operated in a similar manner. However, progranmiing of the antifuse 400 
does not result in a p-n jimction between the terminals 426, 428. 

A cross-sectional view of an antifuse 450 according to an embodiment of the 
present invention is shown in Figure 4B. The antifuse 450 is formed as a silicon-on- 
5 insulator (SOI) device. A SOI insulator 460 is formed on a silicon substrate 462, and a 
layer of p-type silicon is formed on the SOI insulator 460. A shallow trench isolation 
insulator 464 is formed in the layer of p-type siHcon to isolate a p-type body 466. A p+- 
type source diffusion region 468 and a p4--type drain diffusion region 470 are formed in 
the p-type body 466. Each of the p+-type diffusion regions 468, 470 provide an ohmic 
0 10 contact for the p-type body 466, A p+-type polysilicon gate electrode 472 is formed over 
tji a layer of gate insulator 474 which is formed over the p-type body 466 between the 

iZ source diffusion region 468 and the drain diffusion region 470. The gate electrode 472 

H may also be formed by layers of p+-type polysilicon and a silicide such as timgsten 

p silicide (WSiJ, titanium silicide (TiSij), or cobalt sihcide (CoSij). The SOI insulator 

1 5 460, the isolation insulator 464, and the gate insulator 474 may be sihcon dioxide, SiOj, 
ly also called oxide, oxynitride, or nitrided oxide. The p+-type polysilicon gate electrode 

'f: 472 is connected to a first terminal 476 of the antifuse 450, and a second terminal 478 is 

Q connected to each of the p+-type diffusion regions 468, 470. The antifuse 450 may be 

programmed in a maimer similar to the programming of the antifuse 300, and is operated 
20 in a similar manner. However, progranmiing of the antifuse 450 does not result in a p-n 
junction between the terminals 476, 478. 

An electrical schematic diagram of a portion of an integrated circuit 500 is shown 
in Figure 5 according to an embodiment of the present invention. The integrated circuit 
500 may be a memory device, a processor, or any other type of integrated circuit device. 
25 The integrated circuit 500 includes a number of circuits 510, 512, 514, 516, 518, and 520 
coupled together by a nimiber of direct connections 530, 532, and 534 and four antifiises 
540, 542, 544, and 546. The antifuses 540-546 are represented as capacitors having two 
conductive terminals separated by an insulator to form an open circuit. One or more of 
the antifuses 540-546 has the structure and the operational method of one of the antifuses 
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shown in Figures 1, 2, 3, and 4 and described above. One or more of the antifuses 540- 
546 is programmed according to the methods discussed above to provide electrically 
conductive couplings between two or more of the circuits 510-520 to change the 
configuration of the integrated circuit 500. The antifuses 540-546 may be programmed to 
5 provide a coupling to redundant circuits, to change a mode of operation of the integrated 
circuit 500, or to provide identification for the integrated circuit 500. The circuits 510- 
520 may be separate components or devices as well as circuits, and the integrated circuit 
500 could include more or less circuits, devices, components, and antifuses according to 
alternate embodiments of the present invention. 

10 Antifuses according to embodiments of the present invention described above 

may be arranged in banks of antifuses in an integrated circuit, and an antifuse bank 600 is 
shown in Figure 6 according to an embodiment of the present invention. The bank 600 
includes four antifuses 610, 612, 614, and 616, one or more having the structure and the 
operational method of one of the antifuses described above with respect to Figures 1-4. 

15 The bank 600 may have more or less antifuses according to alternate embodiments of the 
present invention. The antifuses 610-616 are coupled in parallel to a programming logic 
circuit 620, and each of the antifuses 610-616 may be programmed in a similar manner. 
The operation of the bank 600 will be described with reference to the antifuse 610 as an 
example for purposes of brevity. The antifuse 610 has a gate electrode 622 coupled to the 

20 programming logic circuit 620 and a well 624 coupled to an external pin 630 and a bias 
circuit 640. The gate electrode 622 and the well 624 correspond to the gate electrode and 
the well of one of the antifuses described above with respect to Figures 1-4. The external 
pin 630 is external to an integrated circuit including the bank 600, and will be more fiiUy 
described hereinbelow. The bias circuit 640 will also be more fully described 

25 hereinbelow. The well 624 is also coupled to an electro-static discharge (ESD) device 
650, 652. 

The antifuses 610-616 are programmed in a programming mode of operation that 
occurs when the integrated circuit including the bank 600 is not in a normal mode of 
operation. The programming mode may be used to customize the configuration of the 
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integrated circuit. An elevated voltage is applied to the external pin 630 that exceeds a 
supply voltage VCC of the integrated circuit by a substantial amount. The elevated 
voltage provides the potential necessary to rupture the gate insulators of the antifuses 
610-616 selected to be programmed. The elevated voltage is removed from the external 
5 pin 630 during the normal mode of operation of the integrated circuit. During the normal 
mode of operation, the integrated circuit operates from the supply voltage VCC, which 
may be 1-5 volts, and the extemal pin 630 floats or is coupled to a ground voltage 
reference. The use of the extemal pin 630 to couple the elevated voltage to the antifuses 
610-616 for programming substantially protects other portions of the integrated circuit 

1 0 from damage that may be caused by the elevated voltage. 

The antifuses 610-616 may be similar to the antifuse 100 shown in Figure 1, and a 
programming of one of the antifuses 100 in the bank 600 will now be described. In the 
programming mode the p-type substrate 1 12 is coupled to a ground voltage reference, or 
a sHghtly negative voltage. A very high voltage, such as 20 volts, is coupled to the well 

15 110 from the extemal pin 630 through the second terminal 126 and the diffusion regions 
1 14 and 116. The antifuse 100 is selected to be progranmied by the programming logic 
circuit 620 which couples the ground voltage reference to the p-type polysilicon gate 
electrode 120 through the first terminal 124. An elevated potential difference of 
approximately 20 volts is thereby applied to rupture the gate insulator 122 in the antifuse 

20 100. The programming logic circuit 620 may prevent others of the antifuses 610-616 
from being programmed by coupling the supply voltage VCC to the p-type polysilicon 
control gates 120 such that a potential difference of approximately 15 volts is applied 
across the gate insulators 122 and they are not ruptiured. 

The antifuses 610-616 may be similar to the antifuse 200 shown in Figure 2, and a 

25 progranmiing of one of the antifuses 200 in the bank 600 will now be described. In the 
programming mode the n-type substrate 212 is coupled to the supply voltage VCC and an 
elevated negative voltage, such as -15 volts, is coupled to the well 210 from the extemal 
pin 630 through the second terminal 226 and the diffusion regions 214, 216, and 218. 
The antifuse 200 is selected to be programmed by the programming logic circuit 620 
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which couples the supply voltage VCC to the n-type polysilicon gate electrode 220 
through the first terminal 224. An elevated potential difference of approximately 20 volts 
is thereby applied to rupture the gate insulator 222 in the antifuse 200. The programming 
logic circuit 620 may prevent others of the antifuses 610-616 fi-om being programmed by 
5 coupling a ground voltage reference to the n-type polysilicon gate electrode 220 such that 
a potential difference of approximately 15 voUs is applied across the gate insulator 222 
and it is not ruptured. Those skilled in the art having the benefit of this description will 
recognize that the voltage levels recited herein may be changed depending on 
characteristics of the antifuses in the bank 600. 

10 The bias circuit 640 serves several purposes. The bias circuit 640 must withstand 

elevated voltages appUed to the external pin 630 when one or more of the antifuses 610- 
616 are being programmed. The bias circuit 640 must not break down and limit or clamp 
the elevated voltages applied to the external pin 630. The bias circuit 640 must also 
provide a low impedance path to a ground voltage reference for current in the antifuses 

15 610-616 when the antifuses 610-616 are being read. If the bias circuit 640 has a low 
resistance then it will be able to couple a voltage only slightly higher than the ground 
voltage reference to the antifuses 610-616 being read. The antifuses 610-616 are read 
with circuits described hereinbelow. The bias circuit 640 is not necessary if the external 
pin 630 is coupled to a ground voltage reference when the antifuses 610-616 are being 

20 read. 

The bias circuit 640 may be implemented in one of several ways. A first bias 
circuit 710 shown in Figure 7 A according to an embodiment of the present invention 
comprises a transistor 71 1 having a drain 712 coupled to the external pin 630 (not shown) 
and a source 714 coupled to a ground voltage reference. A bias circuit 720 shown in 
25 Figure 7B according to an embodiment of the present invention comprises a transistor 
721 having a drain 722 coupled to the external pin 630 (not shown) through a polysilicon 
resistor 724, and a source 726 coupled to a ground voltage reference. A bias circuit 730 
shown in Figure 7C according to an embodiment of the present invention comprises a 
high breakdown voltage (high BV) resistor 732 coupled between the external pin 630 (not 
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shown) and a ground voltage reference. The high BV resistor 732 may be an n-well 
resistor or a modified diffusion resistor. 

A block diagram of a static random access memory device (SRAM) 800 is shown 
in Figure 8 according to an embodiment of the present invention. The SRAM 800 
5 includes one or more antifuses described above with respect to Figures 1-4. The SRAM 
800 has an array 810 of memory cells that are accessed according to address signals 
provided to the SRAM 800 at a number of address inputs A0-A16. An address decoder 
820 decodes the address signals and accesses memory cells in the array 810 according to 
the address signals. Data is written to the memory cells in the array 810 when a write 

10 enable signal WE* and a chip enable signal CE* coupled to the SRAM 800 are both low. 
The data is received by the SRAM 800 over eight data input/output (I/O) paths 
DQ1-DQ8. The data is coupled to the memory cells in the array 810 firom the I/O paths 
DQ1-DQ8 through an I/O control circuit 830. Data is read from the memory cells in the 
array 810 when the write enable signal WE* is high and an output enable signal 

15 OE*coupled to the SRAM 800 and the chip enable signal CE* are both low. A power 
down circuit 840 controls the SRAM 800 during a power-down mode. The antifuses 
described above with respect to Figures 1-4 according to the embodiments of the present 
invention may be included in other types of memory devices such as DRAMs, 
programmable logic devices, PROMs, EPROMs, and EEPROMs. 

20 The antifuses in the SRAM 800 may be located in the address decoder 820 to 

indicate the location of redundant memory cells that are accessed instead of defective 
memory cells in the array 810. The antifuses in the SRAM 800 are read with a read 
circuit 900 shown in Figure 9 according to an embodiment of the present invention. 
When the SRAM 800 is in a power-up mode to begin operating a power-up circuit 910 

25 applies a power-up voltage to a first terminal 912 of an antifuse 920 in the address 
decoder 820. The antifuse 920 is similar to one of the antifuses described above with 
respect to Figures 1-4. A second terminal of the antifuse 920 is coupled to a grovmd 
voltage reference such that a resulting voltage at the first terminal 912 indicates the state 
of the antifuse 920. If the antifuse 920 is not programmed and forms an open circuit, the 
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first terminal 912 will have a voltage near the power-up voltage. If the antifuse 920 is 
programmed the first terminal 912 will have a voltage near the ground voltage reference. 
The voltage at the first terminal 912 is latched by a latch circuit 930 in the power-up 
mode and the latch circuit 930 retains the state of the antifuse 920 while the SRAM 800 is 
5 operating. A comparing circuit 940 in the address decoder 820 is coupled to the latch 
circuit 930 and compares the state of the antifiise 920 with the address signals at the 
address inputs A0-A16. The comparing circuit 940 generates a set of output address 
signals on a set of address lines 950 such that the appropriate memory cells, and 
redundant memory cells, are accessed in the array 810 and that the defective memory 
s 10 cells are bypassed. 

I The power-up circuit 910 and the latch circuit 930 in the read circuit 900 may be 

i 

replaced by a read circuit 1000 for an antifuse 1010 shown in Figure 10 according to an 
embodiment of the present invention. The antifuse 1010 is similar to one of the antifuses 
described above with respect to Figures 1-4. A resistor 1020 is coupled between a supply 
15 voltage VCC and a first terminal 1022 of the antifuse 1010. A second terminal of the 
antifuse 1010 is coupled to a ground voltage reference. When the SRAM 800 is in 
operation the supply voltage VCC provides an approximately constant potential 
difference across the resistor 1020 and the antifuse 1010. If the antifuse 1010 is not 
programmed and forms an open circuit, the first terminal 1022 will have a voltage near 
20 the supply voltage VCC. If the antifuse 1010 is programmed the potential difference will 
be divided between the resistor 1020 and the antifuse 1010, and the first terminal 1022 
will have a voltage between the supply voltage VCC and the ground voltage reference. 
The first terminal 1022 is coupled to an input of a logic gate such as an inverter 1030, and 
an output 1032 of the inverter 1030 indicates the state of the antifuse 1010 during the 
25 operation of the SRAM 800. The output 1032 may be coupled to the comparing circuit 
940 to determine the set of output address signals on the set of address lines 950. If the 
antifuse 1010 is progranmied it will draw a small DC load current that must be dissipated 
by the SRAM 800. 
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An integrated circuit package 1 100 of a 32k x 36 SRAM memory device is shown 
in Figure 1 1 according to an embodiment of the present invention. The SRAM includes 
an antifuse bank similar to the bank 600 shown in Figure 6. The external pin 630 may be 
one of several pins 16, 38, 39, 42, 43, or 66 in the package 1 100. The pins 16, 38, 39, 42, 
5 43, or 66 are non-reserved pins, one of which may be used as the external pin 630. The 
pin selected as the external pin 630 shown in Figure 6 will receive an elevated voltage if 
one of the antifuses 610-616 in the bank 600 is programmed. The selected pin may be 
left floating or it may be soldered to a ground voltage reference during a normal operation 
of the SRAM. 

10 A block diagram of an information-handling system 1200 is shovra in Figure 12 



yj according to an embodiment of the present invention. The information-handling system 



1200 includes a memory system 1208, a processor 1210, a display unit 1220, and an 
input/output (I/O) subsystem 1230. The processor 1210 may be, for example, a 
microprocessor. One or more of the memory system 1208, the processor 1210, the 
15 display unit 1220, and the I/O subsystem 1230 may contain an antifiise bank such as the 
antifuse bank 600 shown in Figure 6, or one or more of the antifiises described above 
13 with respect to Figures 1-4, according to embodiments of the present invention. The 

q processor 1210, the display unit 1220, the I/O subsystem 1230, and the memory system 

1208 are coupled together by a suitable communication line or bus 1240. The processor 
20 1210 and the memory system 1208 may be integrated circuits formed on a single 
substrate. 

In various embodiments of the present invention, the information-handling system 
1200 is a computer system (such as, for example, a video game, a hand-held calculator, a 
television set-top box, a fixed-screen telephone, a smart mobile phone, a personal digital 
25 assistant (PDA), a network computer (NC), a hand-held computer, a personal computer, 
or a multi-processor supercomputer), an information appliance (such as, for example, a 
cellular telephone or any wireless device, a pager, or a daily plaimer or organizer), an 
information component (such as, for example, a magnetic disk drive or 
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telecommunications modem), or other appliance (such as, for example, a hearing aid, 
washing machine or microwave oven having an electronic controller). 

Although specific embodiments have been illustrated and described herein, it will 
be appreciated by those skilled in the art having the benefit of this description that any 
5 equivalent arrangement may be substituted for the specific embodiments shown. For 
example, specific memory devices have been described and shown in the Figures. One 
skilled in the art having the benefit of this description will recognize that the invention 
may be employed in other types of memory devices and in other types of integrated 
circuit devices. The present invention is therefore limited only by the claims and 




10 



equivalents thereof 



Attorney Docket 303.650US1 



17 



Client Reference 95-0818.03 



